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1
RIM HAVING A NON-UNIFORM THICKNESS

This application 1s a continuation of International Appli-
cation No. PCT/JP2003/016019, filed Dec. 15, 2003, which
in turn, claims priority from Japanese Patent Applications

JP2003-18327, filed Jan. 28, 2003, and JP2003-19694, filed
Jan. 29, 2003, the entire contents of which are incorporated

herein by reference.

FIELD OF THE INVENTION

The present imvention relates to a rim and method for
manufacturing the rim.

BACKGROUND OF THE INVENTION

For a wheel rim (for, e.g., a truck or bus), a material
selected from at least two kinds of matenials including a
flat-plate material 1 as 1llustrated 1n FIG. 5 and a die steel 2
having a shaped configuration as 1llustrated 1n FIG. 6 can be
used. Further, a material 3 having a non-uniform thickness
(as 1llustrated 1n FIGS. 7 and 8) disclosed 1n Japanese Patent
Publication No. HEI 8-91005 can be used.

Rim manufacturing processes ifrom those materials are
shown 1 FIGS. 9A, 9B, and 9C. In the manufacturing
processes, as illustrated i FIG. 9A, the flat-plate material 1s
formed to a rim configuration through a coiling step 4, a
welding step 5, a trimming step 6, a flaring or expanding
step, and a roll-forming step 7. As 1llustrated 1n FIG. 9C, the
die steel 1s formed to a rim configuration through a coiling
step, a welding step, and then an expanding step in a radial
direction 8 (s1zing), because the die steel has a cross-section
close to a final configuration of the rim. As 1llustrated in FIG.
9B, a material having a non-uniform thickness of Publica-
tion 8-91005 may be formed to a rim configuration through
the steps 4, 5, 7 and 8 (the trimming step 6 1s not used).

Trimming of a welded burr conducted after rim-welding
1s executed as follows: In the case of a cylindrical material
manufactured from the flat-plate material, as illustrated in
FIGS. 10A and 10B, a welded burr 1s trimmed by moving a
cutter 9 1n an axial direction of the cylindrical material. In
the case of an annular material manufactured from the die
steel, as 1llustrated 1n FIGS. 11 A and 11B, a burr of a welded
portion W 1s trimmed by moving a cutter 10, which has the
same configuration as that of a cross section of an annular
material having a convex and/or concave configuration, 1n a
circumierential direction of the annular maternial. In the case
of an annular material manufactured from the material
having a non-uniform thickness of Publication 8-91005,
trimming 1s conducted 1n the same way as 1n the die steel.

The above-described conventional rim manufacturing
processes have, for example, the following problems:

With cylindrical material manufactured from the flat-plate
material, the cylindrical material has a uniform thickness
except that a local thickness reduction occurs due to coiling
and forming. Therefore, a thickness distribution 1 propor-
tion to a stress distribution cannot be expected, and the
thickness of the cylindrical material 1s uniformly thick in
order to satisty a required thickness of portions where
rigidity and fatigue strength are most needed. As a result, the
material 1s heavy and expensive, and 1t 1s diflicult to obtain
lightening and cost requirements.

Annular material manufactured from a die steel has a
substantially constant thickness. Annular material has a
large wave and a convex and/or concave configuration 1n the
axial direction of the rim. Distortion and interference are
likely to occur during the coiling, welding and forming
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steps. The appearance of the rim 1s also inferior Further, the
welded portions can be trimmed only by moving the cutter
in a circumierential direction of the nm as 1llustrated in FIG.
11A and FIG. 11B. Machining to a smooth surface 1s also
difficult. As a result, the appearance and design quality 1s
low, and additional machining for improving the appearance
alter trimming 1s usually required. Even 11 such additional
machining 1s performed, the appearance 1s inierior, and cost
control becomes difhicult.

Japanese Patent Publication HEI 8-91005 (FIG. 7) pro-
posed a method for manufacturing a rim from a material
having various thicknesses at various portions of the mate-
rial.

In Japanese Patent Publication HEI 8-91003, as 1llustrated
in FIG. 7 and FIG. 8, thick portions of the material corre-
spond to corner portions (axially curved portions) of the rim,
so that the final configuration has a surface shaped in a
convex arc. In the case of an arc-shaped surface, 11 a thick
portion where maximum strength 1s required 1s offset i a
width direction (1.e., an axial direction) of the rim, a required
thickness cannot be assured at an objective portion. This
means that a required strength cannot be assured at the
objective portion, and a crack could be caused at the
objective portion. To prevent this, an extra thickness must be
added to the objective portion.

In addition, when a material 1s conveyed on conveyer rolls
while being rolled, 1f the material has a flat surface and 1s
thin, a front end portion of the conveyed material will be
bent downward between the rolls due to the weight of the
material, and thus, a smooth conveyance will be diflicult.

Further, during the step of coiling, 11 the material has a flat
surface, a pinch force caused by the pinch rolls 1 order to
feed the material to coﬂlng rolls 1s liable to be insuthicient
and problems may arise 1n feeding the material to the coiling
rolls. I the clearance between the pinch rolls 1s decreased so
that the material 1s forcibly fed to the coiling rolls, slippage
1s liable to occur between the coﬂmg rolls and the matenal,
and the material could be scutled.

Further, since the surface of the thick portion of the
curved portion of the rim has the configuration of an arc, as
illustrated in FIG. 8, the surface of the curved portion
includes a steep, inclined portion 23 which has a large
inclination angle exceeding, for example, 30 degrees. In
such a case, 1n the trimming step (6) of FIG. 9B, axial
trimming 1s 1mpossible, and only circumierential trimming
can be used. However, as illustrated in FIGS. 12A, 12B, 12C
and 12D, circumierential trimming 1s accompanied by the
generation of an overlap 22, which 1s formed when a
remaining material 21 of a removal material 20 1s pushed by
rolls 1 a succeeding step (for example, the roll-forming
step). More particularly, when the welded portion W of the
annular material 1s trimmed 1n the circumierential direction
C as 1illustrated i FIG. 12A, by moving the cutter 10 as
illustrated i FIG. 12B thereby removing the burr (removal
material) 20, the remaining material 21 1s generated as
illustrated 1 FIG. 12C. The remaining portion 21 1s turned
to the overlap 22 when the remaining portion 21 1s pushed
by the roll during the step of roll-forming. If the overlap 22
1s left as 1t 1s, 1t 1s likely to cause a crack due to a notch eflect
and the appearance will thus be inferior. Removing of the
overlap 22 by machiming will cause a large cost increase.

SUMMARY

In one embodiment, a rim having a non-uniform thick-
ness, a method for manufacturing the rim, and a rim material
for the rim 1s provided. In this embodiment, 11 a thick portion
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of the rim material 1s dislocated in an axial direction of an
annular material during roll-forming of the annular material
to the rim, the dislocation does not cause a decrease in
strength of the rim.

In another embodiment, 1t 1s possible to trim a welded
portion of an annular material 1n an axial direction of the
annular material.

In another embodiment, 1t 1s possible to lighten the rim,
but still maintain a required strength of the rim.

In another embodiment, 1t 1s possible to improve the
appearance ol the rim.

In one embodiment, a rim having a non-uniform thickness
1s manufactured from a rim material having a non-uniform
thickness. The rim has a thickness varying in an axial
direction of the rim. The rim maternial includes a first
material portion which forms an axially curved portion of
the rnm after the rim material 1s formed to the rim and a
second material portion which forms an intermediate portion
between adjacent axially curved portions after the rim
material 1s formed to the rim.

The first material portion has a parallel-surface portion
including opposite surfaces parallel to each other and having
a larger thickness than portions connected to the parallel-
surface portion. The parallel-surface portion has a width
greater than a maximum amount of an axial dislocation of
the parallel-surface portion expected to occur when the
parallel-surface portion 1s formed to a corresponding curved
portion.

The second material portion has a thickness varying
portion. The thickness varying portion includes a surface
having a configuration defined by a line, which connects
ends of parallel-surface portions located on opposite sides of
the thickness varying portion. The line can be a straight line,
a slightly curved line, a composite line of a straight line and
an arc located at least one end of the straight line, or a
composite line of a slightly curved line and an arc located at
least one end of the slightly curved line, or any combination
thereof.

In one embodiment, a method for manufacturing a rim
having a non-umiform thickness 1s provided, which method
includes the steps of:

producing a rim material having a non-uniform thickness;

coiling the nm material having a non-uniform thickness;

butt-welding opposite ends of the coiled rim matenal to
form an annular material;

trimming a welded portion of the annular matenal;

flaring axially opposite end portions of the annular mate-
rial; and

roll-forming the annular material flared at the axially
opposite end portions to a rim configuration.

During the step of producing the rim material, the fol-
lowing rim maternal 1s produced:

The nm matenal includes a first material portion which
forms an axially curved portion of the rim after the rim
material 1s formed to the rim and a second material portion
which forms an intermediate portion between adjacent axi-
ally curved portions after the rim material 1s formed to the
rim.

The first material portion has a parallel-surface portion
including opposite surfaces parallel to each other and having
a larger thickness than portions connected to the parallel-
surface portion. The parallel-surface portion has a width
greater than a maximum amount of an axial dislocation of
the parallel-surface portion expected to occur when the
parallel-surface portion 1s formed to a corresponding curved
portion.
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The second material portion has a thickness varying
portion.

In one embodiment, a rim material 1s provided for a rim
having a non-uniform thickness, which rim material
includes a first material portion which forms an axially
curved portion of the rim after the rim material 1s formed to
the m and a second material portion which forms an
intermediate portion between adjacent axially curved por-
tions after the rim maternial 1s formed to the rim.

The first material portion has a parallel-surface portion
including opposite surtaces parallel to each other and having
a larger thickness than portions connected to the parallel-
surface portion. The parallel-surface portion has a width
greater than a maximum amount of an axial dislocation of
the parallel-surface portion expected to occur when the
parallel-surface portion 1s formed to a corresponding curved
portion.

The second material portion has a thickness varying
portion. The thickness varying portion includes a surface
having a configuration defined by a line, which connects
ends of parallel-surface portions located on opposite sides of
the thickness varying portion. The line can be a straight line,
a slightly curved line, a composite line of a straight line and
an arc located at least one end of the straight line, or a
composite line of a slightly curved line and an arc located at
least one end of the slightly curved line, or any combination
thereof.

In one embodiment, since the parallel-surface portion of
the rim material has a width greater than the maximum
amount of the axial dislocation of the parallel-surface por-
tion expected to occur when the parallel-surface portion 1s
formed to a corresponding curved portion, even if the rim

material 1s dislocated 1n the axial direction, the parallel-
surface portion 1s still located at the curved portion. As a
result, the strength of the rnm 1s assured.

Further, since the rim material includes a first material
portion which forms an axially curved portion of the rim
after the rim material 1s formed to the rim, and which has the
parallel-surface portion, and a second material portion
which forms an intermediate portion between adjacent axi-
ally curved portions after the rim material 1s formed to the
rim and which has a thickness varying portion, a portion
where a certain strength 1s required (e.g., the axially curved
portion of the nm after the rim material 1s formed to the rim)
can be made thicker, and a portion where the strength 1s too
much (e.g., the portion between the adjacent curved por-
tions) can be reduced in thickness, whereby lightenming of the
rim can be achieved, and material can be saved, but yet, a
required strength can be maintained.

Further, 1n one embodiment, although the thickness 1s
varied 1n the width direction of the material, the material 1s
not as wavy 1n a cross section as material made from die
steel. As a result, tnmming the welded burr of the annular
material 1s easy and the appearance quality can be improved.

In one embodiment, since the angle defined between the
surface of the thickness varying portion and the surface of
the surface-parallel portion i1s equal to or smaller than 25
degrees, 1t 1s possible to trim the butt-welded portion of the
annular material in the axial direction of the annular material
by moving a cutter having a relief angle equal to or larger
than 25 degrees so as to follow a configuration of the
material. As a result, problems of overlap generation and
appearance quality degradation, which occur 1n a circum-
ferential trimming, can be reduced.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be
explained with reference to the accompanying drawings, 1n
which:

FIG. 1 1s a cross-sectional view of a rim having a
non-uniform thickness (shown in the upper half-portion of
FIG. 1) and a rim material (shown 1n the lower half-portion
of FIG. 1) (1n a case of having a convex and concave surface
at one surface thereotl), illustrating correspondence between
portions of the rnm and portions of the rnm material, accord-
ing to one embodiment of the mvention;

FIG. 2 1s a cross-sectional view of a rim material (1n a case
of having a convex and concave surface at each of opposite
surfaces thereof), according to one embodiment of the
present 1vention;

FI1G. 3 15 a cross-sectional view of a nm material (in a case
of having not only a convex and concave surface at each of
opposite surfaces thereof but also a wavy thickness-center-
line), according to one embodiment of the present invention;

FI1G. 4A1s a front elevational view of a cutter used 1n axial
trimming in manufacturing a rim having a non-uniform
thickness, according to one embodiment of the present
invention;

FIG. 4B 1s a side elevational view of the cutter used in
axial trimming 1n manufacturing a rim having a non-uniform
thickness, according to one embodiment of the present
invention;

FIG. 4C 1s a cross-sectional view, taken in an axial
direction of a nm material, of a timming apparatus and an
annular rim material used 1n axial trimming 1n the method
for manufacturing a rim having a non-uniform thickness,
according to one embodiment of the present invention;

FIG. 4D 1s a cross-sectional view, taken in a direction
perpendicular to the axial direction of the nm matenal, of
the trimming apparatus and the annular rim material, accord-
ing to one embodiment of the present invention;

FIG. § 1s a perspective view ol a conventional rim
material made from a flat-plate;

FIG. 6 1s a perspective view of a conventional rim
material made from a die steel;

FIG. 7 1s a perspective view of a conventional rim
material made from a rim material having a non-uniform
thickness;

FIG. 8 1s an enlarged cross-sectional view of a portion of
the rim material made from a rim material having a non-
uniform thickness disclosed 1n Japanese Patent Publication
HEI 8-91003;

FIG. 9A 1s a process diagram for manufacturing a rim
from rim material made from a flat-plate;

FI1G. 9B 1s a process diagram of manufacturing a rim from
rim material having a non-uniform thickness disclosed in
Japanese Patent Publication HEI 8-91005;

FIG. 9C 1s a process diagram for manufacturing a rim
from rim material made from a die steel;

FIG. 10A 1s a front elevational view of a trimming
apparatus and a cylindrical rim material 1n conventional
axial trimming;

FIG. 10B 1s a cross-sectional view of the trimming
apparatus and the cylindrical rim material of FIG. 10A;

FIG. 11A 15 a side elevational view of a trimming appa-
ratus and an annular rim material 1n conventional circum-
ferential trimming;

FIG. 11B 1s a front elevational view of trimming appa-
ratus and the annular rim material of FIG. 11A;

FIG. 12A 15 a cross-sectional view of an annular material
in conventional axial trimming, taken 1n a circumierential
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direction of the material, before a welded portion of the rim
matenal 1s trimmed (although the material 1s actually curved
in the circumiferential direction of the material, the material
1s shown straight);

FIG. 12B 1s a cross-sectional view of the annular rim
material and a cutter when the conventional circumierential
trimming 1s being conducted;

FIG. 12C 1s a cross-sectional view of a welded portion of
the annular rim material having a non-removed remaining
portion of a welded burr after the conventional circumier-
ential timming has been conducted; and

FIG. 12D 1s a cross-sectional view of a portion of the
annular rnm material including an overlap to which the
remaining portion 1s changed by being pressed during roll-
forming.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

A rim having a non-unmiform thickness, a method for
manufacturing the rim having a non-uniform thickness, and

a rim material for the rirm having a non-uniform thickness
will be explained with reference to FIGS. 1, 2, 3, 4A, 4B, 4C

and 4D.

The rim 12 has a non-uniform thickness and can be used,
for example, with a wheel for a bus and a truck. The rim 12
can also be used in wheels used 1n other types of vehicles.

The rnnm material 11 of the rim 12 includes a first material
portion 13 which forms an axially curved portion (including
axially curved portions A, B, C, D, E and F of FIG. 1) of the
rim 12 having a non-uniform thickness after the rim material
1s formed to the rim 12 and a second material portion 14
which forms an intermediate portion between adjacent axi-
ally curved portions of the nm 12 after the rnm matenal 1s
formed to the rim 12. The curved portion 1s called an R
portion. The rim 12 has a non-uniform thickness after being
formed to the rim 12. Portion A 1s a curved portion between
a {irst flange portion located at a first end of the rim 12 and
a first bead seat portion connected to the first flange portion.
Portion B 1s a curved portion between a side-wall portion
located on the first side of the rim 12 and a drop portion.
Portion C 1s a curved portion between a side-wall portion
located on a second, opposite side of the rim 12 and the drop
portion. Portion D 1s a curved portion located at a root of a
hump portion, and portion E 1s a curved portion located at
a top of the hump portion. Portion F 1s a curved portion
between a second flange portion located at a second, oppo-
site end of the nm 12 and a second bead seat portion
connected to the second flange portion.

The first material portion 13 has a parallel-surface portion
13 (since the parallel-surtace portion 1s the same portion as
the first material portion 13, the parallel-surface portion 1s
also denoted with reference numeral 13). The first material
portion 13 includes opposite surfaces parallel to each other
and having a larger thickness than portions connected to the
parallel-surface portion 13. The parallel-surface portion 13
has a width greater than a maximum amount of an axial
dislocation of the parallel-surface portions expected to occur
when the parallel-surface portions are formed to correspond-
ing curved portions A, B, C, D, E and F. Thicknesses of the
parallel-surface portions may be different in thickness from
cach other. The conventional rim material 3 of FIG. 8 does
not have the parallel-surface portion 13 of rm 12.

The second maternial portion 14 has a thickness varying
portion 14 (since the thickness varying portion 1s the same
portion as the second portion 14, the thickness varying
portion 1s also denoted with reference numeral 14). The
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thickness varying portion 14 includes a surface having a
configuration defined by a line, which connects ends (ends
closer 1n the axial direction to the thickness varying portion
14) of parallel-surface portions located on axially opposite
sides of the thickness varying portion 14. The line can be a
straight line, a shightly curved line, a composite line of a
straight line and/or an arc located on at least one axial end
of the straight line, and/or a composite line of a slightly
curved line and an arc located on at least one axial end of the
slightly curved line.

The arc located at the axial end portion of the composite
line 1s tangentially connected to the surface of the parallel-
surface portion 13 and to the surface of the thickness varying
portion 14 at the connecting portions. In other words, at the
connecting portions, a tangent of the arc and a tangent of the
surface of the parallel-surface portion 13 connected to the
arc coincide with each other in direction, and a tangent of the
arc and a tangent of the surface of the straight portion or the
slightly curved portion of the parallel-surface portion 13
connected to the arc coincide with each other 1n direction.

The thickness of one thickness varying portion 14 can
either gradually increase or gradually decrease from one
axial end toward the other axial end of the one thickness
varying portion 14. The thickness cannot gradually increase
and gradually decrease 1n the one thickness varying portion
14. The direction of a gradual increase in one thickness
varying portion 14 and the direction of a gradual decrease 1n
another thickness varying portion 14 among a plurality of
thickness varying portions 14 may differ from each other.

The parallel-surface portion 13 and the thickness varying
portion 14 are formed when the rim material 11 1s rolled.

If 1n the nm material 11, the surface of the parallel-surface
portion 13 and the surface of the thickness varying portion
14 are comnected via (a) the composite line including a
straight line and an arc located on at least one axial end of
the straight line or (b) the composite line including a slightly
curved line and an arc located on at least one axial end of the
slightly curved line, the roll 1s prevented from being 1injured
by a corner of the nm material being roll-formed. Further,
connection via an arc will weaken stress concentration 1n the
rim material.

In one embodiment, the width of parallel-surface portion
13 can be, for example, 2-10 mm (equal to or greater than
2 mm and equal to or smaller than 10 mm). In this embodi-
ment, 1f the width 1s smaller than 2 mm, 1t 1s difhicult to
absorb the dislocation 1n the width (axial) direction. IT the
width 1s greater than 10 mm, a length of the thickness
varying portion 14 becomes small and the rate of variance in
thickness of the thickness varying portion 14 becomes large,
resulting in strength problems.

If the surfaces of the parallel-surface portions 13 located
on axially opposite sides of the thickness varying portion 14
are connected via a straight line, the rim material has a
surface or opposite surfaces including a corner and has a
tapered surface.

As 1llustrated 1n FIG. 1, the rim material 11 may have a
first surface which 1s flat and a second, opposite surface
which 1s convex and concave. When the rim material 11 has
the configuration shown in FIG. 1, cost reductions of a
welding electrode, stability of configuration 1n coiling the
material, and accuracy of trimming can be achieved. Such
configuration may be preferable during mass production.

As 1llustrated in FIG. 2, the rim material 11 may have a
first surface and a second, opposite surface, both of which
have convex and concave surfaces. The configuration illus-
trated 1n FIG. 2 1s included in one embodiment of the present
invention.
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As 1llustrated 1n FIG. 3, when the rnim material 11 1s being
rolled or after the rim material has been rolled, the rim
material 1s formed so that the thickness centerline 1s wavy so
as to be smoothly convex and/or concave in a direction
perpendicular to the axial direction of the rim. The configu-
ration of the rnnm material 11 of FIG. 3 prevents a front end
portion of the rim material 11 from being deformed when the
rim material 1s conveyed between rolls.

The m 12 may be manufactured using the above-
described rim material 11. Therefore, the rim 12 varies in
thickness 1n the axial direction of the rim as illustrated in
FIG. 1. The curved portions A, B, C, D, E and F, where a
certain strength 1s required, are located at the parallel-
surface portions 13 on rim material 11, so that the portions
requiring a certain strength have the required thicknesses.
Since the parallel-surface portions 13 of the rim material 11
have a predetermined width (equal to or greater than 2 mm
and equal to or smaller than 10 mm), even 11 the nm material
11 1s dislocated 1n the width direction of the annular material
while being roll-formed, the portions requiring a certain
strength (the axially curved portions of the rim) are assured
necessary thicknesses. Portions between the curved portions
of the rim at the stage of the rim 12 after formed located at
the thickness varying portions 14 at the stage of the rim
material 11. An angle defined between the surface of the
thickness varying portion 14 and a surface of the surface-
parallel portion 13 connected to the thickness varying por-
tion 1s equal to or smaller than 25 degrees, and more
preferably, 1s equal to or smaller than 15 degrees. As a result,
after the rim 12 1s formed, the rim 12 does not have such a
steep surface portion inclined relative to an axial direction of
the rim as exceeds 30 degrees.

A method for manufacturing the rim 12 according to the
present invention includes the steps of: producing the rim
material 11 having a non-uniform thickness by rolling;
coiling the rim material 11 having a non-uniform thickness
(such as 1n step 4 of FIG. 9B); butt-welding opposite ends
of the coiled rim material to form an annular material 11
(like step 5 of FIG. 9B); trimming a welded burr 16 of a
welded portion W of the annular maternial 11 (FIG. 4C, FIG.
4D); flaring axially opposite end portions of the annular
maternial (such as in the flaring step of FIG. 9B); and
roll-forming the annular maternial flared at the axially oppo-
site end portions to a rim having a rim configuration (such
as 1n step 7 of FIG. 9B).

The steps of coiling, butt-welding the opposite ends of the
colled rim material, flaring the opposite ends of the annular
material, and roll-forming the annular material to the rim
correspond to the steps involved 1n manufacturing the rim 1n
FIG. 9B, except the nm material producing step and the
welded burr trimming step are not included. In the step of
producing the rim material by rolling, any one of the rim
materials 11 shown 1n FIGS. 1-3 1s produced in one embodi-
ment of the present invention. In the step of trimming, the
circumierential trimming shown at step 6 of FIG. 9B 1s
adopted 1n the conventional method, while the axial trim-
ming shown in FIGS. 4A—4D can be used in the present
invention. The axial trimming may be replaced by a circum-
ferential trimming 1n one embodiment of the present inven-
tion.

In order to trim the welded portion 1n the axial direction
at the stage of the annular nm material (manufactured by
colling the flat-plate nm material and butt-welding the
opposite ends of the coiled rim material), as illustrated 1n
FIGS. 4A, 4B, 4C and 4D, an axial trimming cutter 135 is
moved so as to follow a configuration of the annular material
11 1n the axial direction of the annular material so that a burr
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16 of the welded portion of the annular material 1s trimmed.
In order to let the cutter 15 follow the configuration of the
annular material 11, the cutter 15 1s supported by a housing
17 such that the cutter 15 1s movable 1n an up-and-down
direction relative to the annular material 11. The cutter 15
and the housing 17 are axially driven, letting the cutter 135
and the housing 17 move 1n the up-and-down direction by
means of following rolls 18 provided at both sides of the
cutter 15. Preferably, the cutters 15 are disposed not only
outside the annular material but also inside the annular
material, so that burrs 16 outside and inside the annular
material are removed 1n one stroke of the cutter whereby an
cllective trimming 1s conducted.

A reliet angle 0, of the axial trimming cutter 135 should be
30 degrees at maximum, 1.¢., equal to or smaller than 30
degrees. An inclination angle 0, of the thickness varying
portion 14 of the rim material 11 (or the annular material
alter coiled) should be the relief angle 0, of the axial
trimming cutter 15. From the viewpoints of a life of the
cutter and an appearance of the welded portion after
trimmed, the inclination angle 0, of the thickness varying
portion 14 1s preferable to be equal to or smaller than 25
degrees, and more preferably, equal to or smaller than 15
degrees.

In one embodiment, any rim material of FIGS. 1, 2 and 3
save material and produce a lighter rm compared with
conventional rnms made from a flat plate. The strength of the
rim made from a flat plate 1s maintained by decreasing the
thickness of a portion of the rim which has a strength that 1s
unnecessarily large.

Any rim material 11 of FIGS. 1, 2 and 3 can assure a rim
thickness required from strength and function even 1f an
axial dislocation occurs in roll-forming, by providing a
thick, parallel-surface portion 13 having a width length of
2—10 mm to the rm materal.

Further, any rim material 11 of FIGS. 1, 2 and 3 can be a
welded portion axially trim. This 1s possible because the
inclination angle of the surface of the thickness varying
portion 14 1s equal to or smaller than 25 degrees, more
preferably, equal to or smaller than 15 degrees, and the cutter
15 1s moved 1n an up-and-down direction. As a result, the
appearance of the welded portion of the rim 1s greatly
improved, so that a step of removing an overlap and a step
for final grinding are reduced or eliminate need for a grinder
and a bufl 1s reduced or eliminated, and thus cost reductions
are possible.

Further, 1n the case where axial trimming 1s used, an
overlap 22 formed from the un-removed, remaining welded
burr 1s unlikely to be generated, so the fatigue strength of the
rim 1s 1improved, resulting 1n further reduction of the rim
thickness and further lighteming of the rim.

As compared with the case of the die steel o1 FIG. 6, since
the rim material has a substantially flat configuration, the roll
for rolling the material can have a simple configuration, so
that when the roll 1s abraded, grinding of the roll 1s easy and
thus the manufacturing cost of the material 1s decreased.

Further, in one embodiment an apparatus for forming the
rim can be obtained by modilying a portion of a conven-
tional apparatus for manufacturing the rim from a flat plate,
so that a large mvestment 1s not required.

The following additional eflects and technical advantages
can be obtained:

With the material of FIG. 1, since only one surface of the
material 1s flat, 1n the step of welding during manufacturing,
the cylindrical material, a welding electrode having a flat tip
surface can be used from the flat surface of the material
toward the welding electrode, so that consumption of the
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clectrode due to galvanic corrosion 1s suppressed whereby a
cost reduction for using the electrode 1s achieved and the
quality of welding 1s improved. Further, since only one
surface of the matenial 1s flat, coiling the material 1s easy,
trimming 1s easy, and a flat outside surface of the annular
material 1s obtained.

With the matenal of FIG. 2, since both of the opposite
surtfaces are convex and concave, the convex and concave
surfaces can be utilized for determining a positional rela-
tionship between forming die and the material so that
dislocation of the material relative to the die 1s unlikely to
occur and a dimensional accuracy of the formed material can
be obtained.

With the material of FIG. 3, since the material has a wavy
configuration, a rigidity in a thickness direction of the
material 1s i1ncreased so that conveyance of the material
during rolling of the material 1s stable, whereby a dimen-
sional accuracy of the material 1s obtained and cost savings
due to improved productivity 1s obtained.

In one embodiment, since the parallel-surface portion 13
of the rim material 11 has a width greater than a maximum
amount of an axial dislocation of the parallel-surface portion
expected to occur when the parallel-surface portion 1is
formed to a corresponding curved portion, even 1f the rim
material 11 1s dislocated 1n the axial direction, the parallel-
surface portion 13 1s still located at the curved portion. As
a result, the strength of the nm 1s assured.

Further, since the rim material includes (a) a first material
portion which forms an axially curved portion of the rim
after the rim material 1s formed to the rim and which has the
parallel-surface portion 13 and (b) a second material portion
which forms an intermediate portion between adjacent axi-
ally curved portions after the rim material 1s formed to the
rim and which has a thickness varying portion 14, a portion
where a strength 1s required 1s made thick, and a portion
where a strength 1s too much can be reduced in thickness,
whereby lightening of the rim and saving of material for the
rim can be achieved, maintaining the necessary strength.

Further, though the thickness i1s varied in the width
direction of the matenal, the material 1s not so much wavy
in a cross section as the material made from die steel. As a
result, trimming the welded burr of the annular material 1s
casy and the appearance quality of the rnm can be improved.

Further, 1n the case where the angle defined between the
surface of the thickness varying portion and the surface of
the surface-parallel portion i1s equal to or smaller than 25
degrees, 1t 1s possible to trim the butt-welded portion of the
annular material 1n the axial direction of the annular mate-
rial, by moving a cutter having a relief angle equal to or
larger than 25 degrees so as to follow a configuration of the
material. As a result, problems of overlap generation and
appearance degradation, which occur 1n a circumierential
trimming, can be resolved.

The mnvention claimed:

1. A nm material for a rim having a non-uniform thick-
ness, including a first material portion which forms an
axially curved portion of the nm after the nm material 1s
formed to the rim and a second material portion which forms
an intermediate portion between adjacent axially curved
portions after the rim material 1s formed to the rim, the
axially curved portion of the first material portion including
subportions, wheremn a {first subportion [A] 1s a curved
portion between a {irst tlange portion located at a first end of
the rim and a first bead seat portion connected to the first
flange portion, a second subportion [B] 1s a curved portion
between a side-wall portion located on the first side of the
rim and a drop portion, a third subportion [C] 1s a curved




Uus 7,111,910 B2

11

portion between a side-wall portion located on a second,
opposite side of the rim and the drop portion, a fourth
subportion [D] 1s a curved portion located at a root of a hump
portion, a fifth subportion [E] 1s a curved portion located at
a top of the hump portion, and a sixth subportion [F] 1s a
curved portion between a second flange portion located at
[a] the second, opposite end of the rim and a second bead
seat portion connected to the second flange portion;
wherein each of the subportions of the first material
portion has a parallel-surface portion including oppo-
site surfaces parallel to each other and having a larger
thickness than portions connected to the parallel-sur-
face portion, the parallel-surface portion having a width
greater than a maximum amount of an axial dislocation
ol the parallel-surface portion expected to occur when
the parallel-surface portion 1s formed to a correspond-
ing curved portion, the parallel-surface portion having
a width of equal to or greater than 2 mm and equal to
or smaller than 10 mm 1n an axial direction of the rim;
and

the second material portion has a thickness varying por-

tion.

2. The rim material of claam 1, wherein the thickness
varying portion includes a surface having a configuration
defined by a line, which connects ends of parallel-surface
portions located on opposite sides of the thickness varying,
portion.

3. The nm matenal of claim 2, where the line 1s a straight
line, a slightly curved line, a composite line of a straight line
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and an arc located on at least one end of the straight line, or
a composite line of a slightly curved line and an arc located
on at least one end of the slightly curved line, or any
combination thereof.

4. The rim material of claim 1, wherein an angle defined
between a surface of the thickness varying portion and a
surface of the parallel-surface portion 1s equal to or less than
25 degrees.

5. A rim of non-uniform thickness manufactured from the
rim material of non-uniform thickness of claim 1, the rim of
non-uniform thickness varying in an axial direction of the
rm

6. The rnm of claim 5, wherein the thickness varying
portion 1includes a surface having a configuration defined by
a line, which connects ends of parallel-surface portions
located on opposite sides of the thickness varying portion.

7. The rim of claim 6, wherein the line 1s a straight line,
a slightly curved line, a composite line of a straight line and
an arc located on at least one end of the straight line, or a
composite line of a slightly curved line and an arc located at
least one end of the slightly curved line, or any combination
thereof.

8. The rim of claim 35, wherein the angle defined between
the surface of the thickness varying portion and the surface
of the parallel-surface portion 1s equal to or smaller than 25
degrees.
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